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ABSTRACT: 

An antenna control system is connected to an antenna (10) in order to control the position of the 
antenna. The system includes a motor (20) connected to the antenna for adjusting the position 
or vertical tilt angle of the antenna, A driver is provided for operating the motor. A sensor (30) is 
also provided to detect the position of the antenna. In addition, an antenna controller (40) is 
connected to an antenna memory, the driver, and the sensor, for reading the detected position of 
the antenna and for controlling the driver to adjust the antenna's position. A main controller (50) 
is connected to the antenna controller for sending commands to and reading data from the 
antenna controller. In this manner, the main controller can interface with any number of antennas 
at a base station and control the position or down-tilt of each antenna. According to one 
embodiment of the control system, a user interface (60) is also provided for entering commands 
to and reading data from the main controller. The interface can be provided at the base station or 
tower or at a remote location via, for example, modem. According to one embodiment of the 
invention the user interface is a laptop computer. A user or technician can then enter commands 
and monitor the position of the antennas from a remote location. 
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(57) An antenna control system is connected to an 
antenna (10) in order to control the position of the an- 
tenna. The system Includes a motor (20) connected to 
the antenna for adjusting the position or vertical tilt angle 
of the antenna. A driver is provided for operating the mo- 
tor. A sensor (30) is also provided to detect the position 
of the antenna. In addition, an antenna controller (40) Is 
connected to an antenna memory, the driver, and the 
sensor for reading the detected position of the antenna 
and for controlling the driver to adjust the antenna's po- 
sition. A main controller (50} is connected to the antenna 
controller for sending commands to and reading data 
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from the antenna controller In this manner, the main 
controller can interface with any number of antennas at 
a base station and control the position or down-tilt of 
each antenna. According to one embodiment of the con- 
trol system, a user interface (60) Is also provided for en- 
terlng^commands to and reading data from the main 
controller. The interface can be provided at the base sta- 
tion or tower or at a remote location via, for example, 
modem. According to one embodiment of the invention 
the user interface is a laptop computer. A user or tech- 
nician can then enter commands and monitor the posi- 
tion of the antennas from a remote location. 
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Description 
BACKGROUND: 

[0001] The present invention generally relates to an- 
tenna communication systems and In particular to a re- 
mote, tilt antenna system. 

[0002] Conventional communication systems for Cel- 
lular and Personal Communication Systems (PCSs) use 
interconnected communications networks to allow net- 
work users to communicate witli one another. PCS net- 
works include a number of Mobile Switcfiing Centers 
(MSCs) that connect network users to Private Switched 
Telephone Networks (PSTNs) and other MSCs. The 
MSCs are connected to and control a number of base 
stations. The base stations are located in the cells of the 
network in order to provide network coverage in the area 
that Is local to the base station. The base stations are 
equipped with antennas thai allow communication be- 
tween the base station and mobile users or PCS users 
within the cell where the base station is located. The 
base stations communicate with the MSCs to alk>w PCS 
users to communicate with other PCS users and PSTN 
users. 

[0003] Optimization of the coverage provided by the 
base stations for the PCS users is very challenging due 
to the large number of parameters necessary for suc- 
cessful network operation. The positioning of the base 
stations and their associated antennas is important to 
overcoming such problems as channel interference 
caused by overcrowding from adjacent base stations, In 
addition to other factors, such as the topology surround- 
ing the base station. One method used to reduce inter- 
ference with other neaity base stations is the use of 
down-tilt antennas. Down-tilt antennas help reduce the 
problem of cell site overlap by adjusting the vertical an- 
gle of radiation transmitted by the antenna with respect 
to the surrounding area serviced by the antenna. By po- 
sitioning the antennas with a downward tilt, the area to 
whteh the radiation is dispersed by the antenna can be 
decreased thereby reducing interference with other 
base stations. However, the antennas must be carefully 
positioned in order to provide the necessary coverage 
while avoiding interference with other cells or microcetis 
within the network and adjacent competing networks. 
Unfortunately, conditions at the base stations that may 
affect coverage can change over time requiring adjust- 
ment of the antenna position or down-tilt. As a result 
the positioning of the antennas must be periodically ad- 
justed. 

[0004] For example, seasonal variations in weather 
and temperature may affect the radiation patterns asso- 
ciated with the antenna. Changing topology, due to the 
additkjn of new base stations, buildings, etc.. can also 
affect interference, radiation patterns, and coverage as- 
sociated with the base stations. As a result, it becomes 
necessary to adjust the positioning or tilt of the anten- 
nas. 



[0005] First generation solutions used a mechanical 
assembly to adjust antenna down-tilt. However, this so- 
lution requires that a technician travel to and climb the 
tower and physk:ally adjust each antenna every time it 

5 was necessary to adjust or provide a new antenna 
down-tilt. This is especially costly and time consuming 
when setting up a new system since several adjust- 
ments are normally required in order to provide the nec- 
essary system optimization. 

10 [0006] Second generation solutions provide antennas 
with electrical down-tilt. While this solution has made it 
easier for the technician to position the antennas, sec- 
ond generation systems still require a technician to trav- 
el to the site and climb the tower by a technician, each 
time an antenna needs adjusting. As a result, even with 
electrical positioning of the antennas the problem of the 
required system down time tor adjustments and costs 
associated with having to send a technician to the site 
remains. 

20 

SUMMARY 

[0007] It is therefore an object of the invention to im- 
prove coverage provided by antennas in radio commu- 

2S nication networks. 

[0008] It is another object of the invention to provide 
an autonnated antenna system that can be automatically 
adjusted from a remote location. 
[0009] It is a further object of the present invention to 

30 provide an antenna system that may be dynamically ad- 
justed in real-time to respond to changing conditions. 
[0010] It is a yet a further object of the present inven- 
tion to provide an antenna system that can verify anten- 
na position and test antenna elements to ensure proper 

3S Operation and detect any faults associated with antenna 
position and operation. 

[0011] It is also an object to reduce costs associated 
with optimizing and maintaining a network of communi- 
cation antennas. 

40 [001 2] According to an exemplary embodiment of the 
present invention the foregoing and other objects are 
accomplished through implementation of a remote 
down-tilt antenna system. According to the invention, an 
antenna control system is connected to an antenna in 

45 order to control the position of the antenna. The system 
includes a motor connected to the antenna for adjusting 
the position or tilt angle of the antenna. A driver is pro- 
vided lor operating the motor. A sensor is also provided 
to detect the position of the antenna. In addition, an an- 

so tenna controller is connected with an antenna memory, 
the driver and the sensor for reading the detected po- 
sition of the antenna and for controlling the driver to ad- 
just the antenna's position. A main controller is connect- 
ed to the antenna controller for sending commands to 

55 and reading data from the antenna controller, for exam- 
ple, the antenna's position. In this manner the main con- 
troller can interface with any number of antennas at a 
base station and control the position of each antenna. 
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[001 3] According to an exemplary embodiment of the 
control system, a user interlace is also provided tor en- 
tering commands to and reading data from the main 
controller. The Interface can be provided at the base sta- 
tion, tower, or at a remote location via, for example, a 5 
modem. According to one embodiment of the invention 
the user interface can be a laptop computer. A user or 
technician can then enter commands and monitor the 
positions of the antennas from a remote location allow- 
ing for real time adjustment of antenna position. lO 

BRIEF DESCRiPTION OF THE DRAWINGS: 

[001 4] The foregoing and other features, objects, and 
advantages of the invention will be better understood by is 
reading the following description in conjunction with the 
drawings, in which: 

FIG. 1 shows a block diagram of a antenna control 
system according to an exemplary embodiment of 20 
the invention; 

FIG. 2 shows a block diagram of the antenna con- 
troller according to an exemplary embodiment of 

the invention; 

FIG. 3 shows a block diagram of the main controller 2S 
system according to an exemplary of the invention; 
FIG. 4 shows a block diagram of an antenna control 
system according to an alternative embodiment of 
the invention; 

FIG. 5 shows a block of an antenna control system 30 
according to an alternative embodiment of the in- 
vention; 

FIG. 6 is a flowchart showing graphic user interfac- 
ing with the main controller according to an exem- 
plary of the invention; 

FIGs. 7A & B are flow charts showing operation and 
control of the antennas according to an exemplary 
embodiment of the invention; and 
FIGs. 8A & B are flow charts showing operation and 
control of the antennas according to an exemplary <o 
embodiment of the invention. 

DETAILED DESCRIPTION: 

[0015] The varbus features of the invention will now 45 
be described with respect to the figures, in which like 
parts are identified with the same reference characters. 

System Overview 

so 

[0016] In a cellular communications system, an area 
serviced by the network is divided into one or more cells. 
Each cell is provided with one or more base stations to 
service the cell and communicate with PCS users in the 
cell. The base stations communicate with a central con- 55 
troller, for example, an MSG which coordinates commu- 
nication between the base station and the mobile users. 
In addition, the MSG provides interconnections to 



PSTNs and other MSCs serving other networks. 
[0017] Each base station is provided with a number 
of antennas for transmitting messages to and receiving 
messages from PCS users communicating with the 
base station. Typically, the number antennas range from 
6 to 9 per each tower, although one skilled in the art will 
realize that any number of antennas may be used as 
needed to provide optimum coverage at any one site. 
Antennas provided in conventional networks are manu- 
ally, mechanically or electronk:ally positioned by a tech- 
nician at the base station according to readings taken 
within the cell by the technician. 
[0018] Turning to FIG. 1, an exemplary embodiment 
of the present invention will now be described. As can 
be seen in Fig. 1 , a number of antennas 1 0 are provided. 
The antennas 10 may be placed at the top of a tower 
located at the base station. Alternatively, a base station 
may control a number of towers, each provided with their 
own antennas. Associated with each antenna 10 is a 
motor/driver assembly 20 for adjusting the position or 
down-tilt of the antennas. A number of controllers 40 are 
connected to each of the motor/driver assemblies 20. In 
addition, the controllers 40 are also connected to a sen- 
sor 30 forming a feedback loop to detect the position of 
antennas 10. One controller 40 is connected to the main 
controller 50 that is provided at the bottom of the tower 
in, for example, the equipment control room. The re- 
maining controllers are daisy change together to form a 
simple network of controllers. 
[0019] Each tower at the base station contains a 
number of antennas that are used to provide communi- 
cation to the mobile units or PCS within the base sta- 
tion's cell. In Fig. 1 , five antennas are provided, howev- 
er, this number is for exemplary purposes only. Further- 
more, although each antenna controller 40 Is shown as 
being associated with an individual antenna 1 0. one an- 
tenna controller 40 coukJ control a plurality of antennas. 

Antenna Controller 

[0020] According to an exemplary embodiment of the 
invention, antenna 10 is a phased array down-tilt anten- 
na. As previously described, in order to reduce Interfer- 
ence between base stations, the antenna's vertical tilt 
is controlled to be optimally placed lor any particular an- 
tenna location as is known in the art. Although the ex- 
emplary embodiments described herein are made with 
reference to down-tilt antennas, one skilled in the an will 
appreciate other antennas whose positions may be ad- 
justed could be practiced according to the invention. 
[0021] Turning to Fig. 2, an individual antenna con- 
troller 40 and antenna 10 are shown. According to this 
exemplary embodiment, a stepper motor 201 is used to 
drive a gear train of phase shifters 12 via gear shaft 11 . 
In turn, the phase shifters 12: are used to steer the ra- 
diation emitted from the antenna 10 as is known in the 
art. According to this embodiment a single chip stepper- 
motor-driver 202 powers the stepper motor 11. 
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[0022] The antenna controller 40, according to the ex- 
emplary embodiment shown in FIG. 2, includes a micro- 
controller 401 and associated menrx>ry 402. The elec- 
tronic equipment housing the controller 40 may be pot- 
ted or encapsulated to protect the equipment Irom en- 
vironmental conditions. In addition, each of the control- 
lers 40 may be protected by surge and lightning protec- 
tor (not shown) to protect the electronic equipment 
against static discharges and current surges due to 
nearby lightning strikes which could induce current on 
the signal lines and thereby damage the antenna con- 
troller 40 and related equipment. 
[0023] According to one preferred embodiment, the 
micro controller 401 is a PIC16C84 microchip. An asso- 
ciated EEPROM memory 402 stores an antenna ad- 
dress (Ant^Address) and current antenna 10 down-tilt 
position (Ant.Location). One skilled ih the art will appre- 
ciate that other memories, such as a RAM. could also 
be used without departing from the invention. Mk;ro- 
controller 401 sends command signals to stepper-mo- 
tor-driver 202 in order to cause the stepper motor 201 
move the gear train, and thereby control the radiation 
pattern of its associated antenna 10. The micro control- 
ler 401 receives communicatbns broadcast over the se- 
rial communication lines 41 . Each microcontroller mon- 
itors the communications lines 41 for messages broad- 
cast from the main controller 50 that are addressed to 
the individual controllers 40. In addition, the micro-con- 
troller 401 receives antenna position signals from a po- 
sition sensor 30. The micro controller reads the gear po- 
sition from the sensor 30 and records the current posi- 
tion in the memory 402. 

Position Sensor 

[0024] The sensor 30 is provided in proximity to the 
phase shifters 1 2. The sensor 30 detects the position of 
the phase shifters 1 2 and transmits the positions to the 
microcontroller 401. The microcontroller 401 writes the 
positional data of the antenna 10 in the memory 402. 
According to one embodiment, the sensor 30 is an in- 
cremental encoder sensor that detects each step of the 
gear train. Alternatively, an absolute encoder sensor 
can be used to measure the absolute gear position in 
terms of 360°. 

[0025] According to one embodiment of the invention, 
an optical sensor may be used. According to this exem- 
plary embodiment, shown in FIG. 2. an optical encoder 
gear 13 is located at the end of the phase gear train. 
The optical sensor 30 incrementally counts each move- 
ment of the encoder gear 1 3 and transmits its reading 
to the micro-controller 401. Alternatively, a mechanical 
brush on a trace contact may be used to detect the po- 
sition of the gears 12. The position of the trace contact 
is converted to a digital signal by the sensor 30 and 
transmitted to the micro controller 401 . An electromag- 
netic relay hall effect sensor or electromagnetic static 
sensor couki also be used to detect the position of the 



gears 12 the antenna position. 
[0026] By using a sensor to form a feedback loop, the 
position of each antenna can be detected and verified 
to ensure that the motor has correctly positioned the an- 
5 tenna. The sensor also provides a provides a means of 
identifying errors within the system by identifying im- 
proper placement of the antennas. 

Main Tower Controller 

10 

[0027] Turning to the exemplary embodiment shown 
in Fig. 3, the main controller 50 may be provided in the 
equipment room at the base of the tower at the base 
station. As shown in the exemplary embodiment of FIG. 

IS 3, a Microcontroller 501 is provided to control the anten- 
na controllers 40. According to one preferred embodi- 
ment the micro-controller 501 is implemented using a 
PIC16C84 microchip. The microcontroller 501 broad- 
casts commands to the antenna conlroilers 40 via serial 

20 communk:ations line 41 . According to one preferred em- 
bodiment of the invention, the communications line 41 
is coaxial cable that is strung from main controller 50 up 
the tower to the first antenna controller 40. The remain- 
ing antenna controllers are daisy chained together also 

25 using coaxial cable. 

[0028] The micro-controller 501 transmits commands 
addressed to each antenna controller 40. The antenna 
controllers 40 monitor the communications line 41 for 
commands. If the antenna controller 40 receives a com- 

30 mand addressed to it, the controller reads the command 
and performs the appropriate function as explained in 
further detail below. The main controller 501 also re- 
ceives messages from the antenna controllers 40 and 
stores appropriate data read from the messages in its 

3S associated memory 502. According to an exemplary 
embodiment, the memory 502 may be an EEPROM 
memory, although other types of memories may also be 
used. 

[0029] According to an alternative embodiment, 

40 shown in Fig. 4, a parallel communications bus 43 may 
be used to connect the main controller with the antenna 
controllers 40 employing indivkiual connections with 
each controller. However, such a configuration would 
entail a higher cost in equipment in addition to the in- 

4S creased overhead associated with inter-controller com- 
munication. Alternatively, as shown in Fig. 5, the main 
controller 50 could communicate with the antenna con- 
trollers 40 using Radio Frequency (F.F} messages 
broadcast from an associated transceiver 55. The RF 

so messages would be received by a transceiver 45 asso- 
ciated with each antenna controller 40. Accordingly, 
each antenna controller 40 could reply by transmitting 
RF message using its associated transceiver 45 to the 
transceiver 55 associated with main controller 50. as is 

55 known in the art. 

[0030] Communication between the main controller 
50 and antenna controllers 40 may be implemented us- 
ing a simple packet protocol, according to an exemplary 



4 



7 



EP1 067 626A2 



6 



embodiment of the invention, cx)nsistlng of 8 bits, or one 
byte. According to this exemplary embodiment, the up- 
per nibble of 4 bits contains commands that are ad- 
dressed to the antenna controller and the lower nibble 
of 4 bits would contain the controller address. Messages s 
sent from the antenna controllers 40 would contain data 
in the upper nibble and the address of the antenna con- 
troller 40 in the lower nibble. 
[0031] The main controller 50 also contains a inter- 
face 503 which allows communication from a computer ^o 
with a graphic user interlace 504 located at the tower or 
a remote computer 60 via a modem interface 505. Ac- 
cording to one preferred embodiment the interface 503 
is a RS232 serial transceiver type interface. In addition, 
surge or lightning protection (not shown) may also be ^5 
provided at the main controller 50. 

Antenna Position Control 

[0032] Control of antenna positions will now be de- 20 
scribed. If the main controller 50 wants to establish the 
position of the antennas 10. the main controller 50 sends 
an Antenna_Check command addressed to the desired 
controller via communication line 41 . The antenna con- 
troller 40 monitors the commands on communication 25 
line 41 by reading the packets broadcast in the serial bit 
stream. After reading the packet the antenna controller 
40 determines if the packet address matches the con- 
troller address Ant.Address. If there is no match, the 
antenna controller 40 continues to monitor for further 30 
commands. If the address matches, the antenna con- 
troller 40 then reads the associated command 
Antenna_Check and reads the antenna tilt from its as- 
sociated memory 402. The antenna controller 40 then 
bundles the antenna position Ant.Localion with the an- 3S 
tenna controller address Ant.Address and sends the 
message to the main controller 50. 
[0033] In order for the main controller 50 to adjust the 
antenna position the main controller 50 sends a 
Chandge_Tilt command addressed to the desired an- 40 
tenna controller 40 via communication line 41. The an- 
tenna controller 40 monitors the commands on commu- 
nication line 41 by reading the packets broadcast in the 
serial bit stream. After reading the packet the antenna 
controller 40 determines if the packet address matches ^5 
the antenna controller's address. If there is no match the 
antenna controller 40 continues to monitor lor further 
commands. It the address matches the antenna control- 
ler's 40 address then the contfoiler 40 reads the asso- 
ciated command Change.Tilt. The micro-controller 401 so 
then reads the antenna position from its associated 
memory 402. The micro-controller 401 then determines 
the difference between the antenna's present position 
and the adjusted position. It then sends a commands to 
the motor driver 202, to adjust the antenna down-till Af- ss 
ter the motor driver 202 adjusts the antenna, the micro- 
controller 401 reads the antenna position from sensor 
30. The micro-controller then writes the position into its 



associated memory 402. 

[0034] If the antenna position matches the expected 
antenna position the antenna controller 40 sends the po- 
sition Anl_Location bundled with the antenna 
Ant_Address address to the main controller. However, 
if the position does not match, the antenna controller 40 
sends a message Send^Faultl to the main controller 50 
bundled with the antenna's address Ant.Address indi- 
cating the antenna controller 40 was not able to estab- 
lish the desired position. In addition, if the motor driver 
202 does not respond, the controller sends a message 
Send_Fault2 to the main controller 50 bundled with the 
controller address indicating the driver/motor 202 is not 
responding. In this way the antenna controller 40 can 
alert the main controller 50 if there are any problems in. 
setting the position and the main controller 50 can de- 
termine what problem exists. 
[0035] In addition the main controller 50 can poll the 
antenna controllers 40 by sending a Check^Address 
command. Each antenna controller would then respond 
with its address message. In this way the main control- 
ler can determine if any communication problems exist 
with any particular controller or the communication line 
as explained in further detail below. One skilled in the 
art will appreciate that these command protocols and 
methods are exemplary only, and that different proce- 
dures, commands, and messages could be used to 
communicate between the main controller and the an- 
tenna controllers without departing from the invention. 

User Interface 

[0036] The user interfaces 504 or 60 can be used to 
control the position of the antennas by a technician, or 
others, by operating the main controller. During initial 
system setup a technician, for example, would enter 
passwords for each base station, the addresses for the 
tower antennas, the telephone number of the remote 
and controller ID as shown in FIG. 6. After the system 
is set up, the user can then set the down-tilt of each an- 
tenna, which is then stored in the main controller Ac- 
cording to one preferred embodiment, the remote com- 
puter 60 may be a laptop computer. According to this 
embodiment, a user woukJ call up the modem interface 
505 associated with the desired tower or base statbn. 
The user would then be connected to the main micro- 
controller 501 through nrradem interface and serial inter- 
lace 503. Upon connection, the micro-controller 501 anc 
user computer 60 establish communications using 
handshaking protocols as is known in the art. After com- 
munication is established, the micro-controller 501 may 
execute security checks to establish the identity of the 
user For example, the serial number from the micro- 
controller 501 could be read by the main controller and 
compared to a user serial number for user identification 
and verification. 

[0037] After communications have been established, 
the user via the remote computer 60 can read the an- 
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tenna positions from the controller memory 502 for dis- 
play on the graphic user interface. In order to position 
the antennas, the user enters the desired antenna po- 
sitions using the GUI which transmits Ihe commands to 
the main micro-controller 501. The main micro-control- 
ler 501 would then adjust the position using the com- 
mand protocol explained above. After adjusting or read- 
ing the antenna positions the main micro-controller 501 
would acknowledge back to the user 50 if the positbning 
was successful. The main micro-controller 50 would re- 
spond, for example, "I set antenna.N to tilt.T/ or "I 
could not set because of Faull.F." 
[0038] The remote user could then proceed to adjust 
other antenna positions by entering new antenna posi- 
tions. As a result, the antenna positions could be easily 
read and changed by a user at a location remote from 
the base station. For example, according to the embod- 
Innents of the invention, a technician could access the 
base station via a cell phone and laptop computer. This 
would allow the technician, for example, to drive 
throughout a service area taking measurements of the 
radiation propagating from the individual antennas of 
the base stations. As a result of the measurements, the 
technician would then be able to adjust the antenna in 
order to optimize the coverage provided by the base sta- 
tion. This is a major improvement over previous meth- 
ods of adjusting base station antennas, especially when 
adding new base stations, or during system reconfigu- 
rations, when several adjustments are usually neces- 
sary to establish the desired optimal coverage. Addition- 
ally, multiple antenna positions can be stored in the 
memory at the base station for a given cell site to be 
recalled at a later time. This allows for easy adjustment 
between radiation patterns. 

[0039] The remote user interface 50 also allows the 
antenna's positioning to be tested. For example, if the 
main controller 60 sends messages to the antenna con- 
trollers 40 and receives no answer, it can be determined 
that there possibly is problem with the communication 
cable 41. Additionally, each of the antenna controllers 
40 can be polled. If an antenna controller 40 fails to re- 
spond, it is then determined that there is a problem with 
the individual antenna controller 40. Finally, if the anten- 
na 10 becomes stuck, the antenna controller 40 can 
send a message to the main controller 50 indicating that 
the antenna controller 40 attempted to adjust the posi- 
tion but the gear train did not move or the motor did not 
start. 

[0040] Once the user has interfaced with a particular 
cell cite, the user can then requested a system check 
request a tilt setting change to a specific antenna, or 
request a tilt setting change to each specific antenna 
affected by a group changed. 

Svstem Check 

[0041] Turning to Figs 7A-B an exemplary method of 
performing a system check will now be described. Turn- 



ing to the exemplary embodiment shown in FIG. 7 A., a 
user interfaces with a particular cell cite 701 , for exam- 
ple, through a modem connection using a Personal 
computer or laptop computer. Once connected to the 

5 cell site the user can perform several different functions. 
One possible function Is to request a system check 703 
in order to retrieve each antenna's current setting and 
compare them to prevbus settings. In order to perform 
a system check the GUI 60 under control of the user 

10 transmits a command to the main controller 50 to exe- 
cute a system check. 

[0042] After requesting a system check 703. the main 
controller 50 transmits a Antenna^Check command 705 
combined with an antenna controller address 

'5 Ant^Address. The main controller 50 then waits for a 
response from the antenna controller 40 with the re- 
quested setting 707. If the antenna controller 40 does 
not respond, the main controller 50 makes several more 
attempts to obtain the requested information by re- 

20 transmitting the command to the antenna controller 40. 
After 3 attempts, if the antenna controller 40 does not 
respond 713, the main controller notes which antenna 
address did not respond 722. 
[0043] If the antenna controller 40 did respond, the 

25 main controller 50 then determines if the command was 
understood 709 by the antenna controller 40. If the com- 
mand was not understood by the antenna controller 40, 
the main controller 50 retransmits the command up to 
three times 719, for example. If the antenna controller 

30 40 does not respond after 3 attempts the main controller 
50 makes note of which antenna controller 40 did not 
understand the command and what the command was 
720. 

[0044] If the antenna controller 40 recognizes the 

3S command then the antenna controller 40 responds with 
the antenna's position Ant^Location and the antenna's 
address Ant.Address. The main controller 50 then de- 
termines if all the antennas have been polled 71 5. If not, 
the main controller 50 then determines if there was and 

40 error in attempting to read the antenna position 71 6, for 
example, the antenna did not respond or did not recog- 
nize the command. If there were no errors, the rmin con- 
troller 50 queries if the user would like to read any other 
addresses 718. In the alternative, the system check 

45 coukJ be configured to read all antenna positions in 
which case n would automatically request the next an- 
tenna's position. If the main controller 50 does deter- 
mine that there has been an error^ the main controller 
50 attempts to check the next aritenna's position 705, 

so as described above. 

[004S] Once all the antennas 10 have been checked 
or if the user does not wish to check any further anten- 
nas 10, then the main controller 50 determines if any of 
the antenna controllers 40 did not respond 731. If any 

55 of the antenna controllers 40 did not respond, the main 
controller 50 then determines if all the antenna control- 
lers 40 did not respond 741 (FIG. 7B). If so, the main 
controller 50 detemnines that there was a system error 
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and that communication was not established with the 
antenna controllers 743. However. If only certain anten- 
na controllers 40 did not respond, then the main control- 
ler 50 notes which ones and reports the problem con- 
trollers 745. s 
[0046] It all the antenna controllers 40 responded: 
then the main controller 50 determines if any of the an- 
tenna controllers 40 did not recogni2e the command to 
report the antenna's position 733. If this is the case, then 
the main controller 50 determines if ail the antenna con- io 
trollers 40 did not report their positions 735. If they did 
not, the main controller 50 reports to the GUI that there 
was a system error and what command was not recog- 
nized 743. If only certain antenna controllers 40 did not 
understand the command then the main controller 50 is 
reports to the user which antenna controllers 40 were 
not able to recognize the commands 737. 

Tift Setting Change 

20 

[0047] Turning to Figs 8A-B ,an exemplary method of 
performing a tilt setting change will now be described. 
Turning to the exemplary embodiment shown in FIG. 8A, 
as previously described, a user interfaces with a partic- 
ular cell cite 801 , for example, through a modem con- 25 
nection using a Personal computer or laptop computer. 
In order to perform a tilt setting change, the GUI 60 un- 
der control of the user transmits a command to the main 
controller 50 to execute a tilt setting change. 
[0048] After requesting a tilt setting change 803, the 30 
main controller 50 transmits a Change.Tilt command 
805 combined with an antenna controller address 
Ant.Address. The main controller 50 then warts for a 
response from the antenna controller 40 setting 807. 
[0049] If the antenna controller 40 recognizes the 3S 
command then the antenna controller 40 responds with 
the antenna's new position Ant^Location and the anten- 
na's address Ant.Address. If there was a problem and 
the antenna controller 40 was not able the position the 
antenna, the antenna controller 40 sends a fault mes- 40 
sage, as previously described, to the main controller 50. 
[0050] If the antenna controller 40 does not respond, 
the main controller 50 makes several more attempts to 
obtain adjust the antenna's tilt by re-transmitting the 
command to the antenna controller 40. After 3 attempts^ ^ 
if the antenna controller 40 does not respond 813, the 
main controller notes which antenna address did not re- 
spond 822. 

[0051] If the antenna controller 40 did respond, the 
main controller 50 then determines if the command was so 
understood 809 by the antenna controller 40. If the com- 
mand was not understood by the antenna controller 40, 
the main controller 50 retransmits the command up to 
three times 819, for example. It the antenna controller 
40 does not respond after 3 aUempts the main controller ss 
50 makes note of which antenna controller 40 did not 
understand the command and what the command was 
820. 



[0052] The main controller 50 then determines if all 
the antennas have been changed 615. If not, the main 
controller 50 then determines if there was and error in 
attempting to change the antenna position 816, for ex- 
ample, the antenna controller 40 did not respond or did 
not recognize the command. If there were no errors, the 
main controller 50 queries if the user would like to 
change any other addresses 318. If the main controller 
50 does determine that there has been an error, the 
main controller 50 attempts to execute a command with 
another antenna controller 805. 
[0053] Once all the antennas 10 have been changed 
or if the user does not wish to change the position of any 
further antennas 10, then the main controller 50 deter- 
mines If any of the antenna controllers 40 did not re- 
spond 831. If any of the antenna controllers 40 did not 
respond, the main controller 50 then determines if alt the 
antenna controllers 40 did not respond 841. It so, the 
main controller 50 determines that there was a system 
error and that communication was not established with 
the antenna controllers 843. However, if only certain an- 
tenna controllers 40 did not respond, then the main con- 
troller 50 notes which ones and reports the problem con- 
trollers 845. 

[0054] If all the antenna controllers 40 responded, 
then the main controller 50 determines if any of the an- 
tenna controllers 40 did not recognize the command to 
change the antenna's position 833. It this is the case, 
then the main controller 50 determines if all the antenna 
controllers 40 were not able to recognize the commands 
835. If they did not, the main controller 50 reports to the 
GUI that there was a system error and what commands 
were not recognized 643. If only certain antenna con- 
trollers 40 did not understand the command then the 
main controller 50 reports to the user which antenna 
controllers 40 were not able to recognize the commands 
837. If there were any faults with the antenna controllers 
40, the main controller 50 reports what faults occurred. 
[0055] The present invention has been described by 
way of example, and modifications and variations of the 
exemplary embodiments will suggest themselves to 
skilled artisans in this field without departing from the 
spirit of the invention. The preferred embodiments are 
merely illustrative and should not be considered restric- 
tive in anyway. The scope of the invention is to be meas- 
ured by the appended claims, rather than the preceding 
description, and all variations and equivalents which fall 
within the range o1 the claims are intended to be em- 
braced therein. 



Claims 

1 . An antenna control system for a land-based mobile 
radio system comprising: 

a sensor (30) for detecting a position of a down- 
tilt antenna (10); 
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an antenna controller (40) comnriunicdting with 
said sensor and for controlling said antenna po- 
sition; and 

a main controller (50) communicating with said 
antenna controller in order to control said an- 
tenna controller. 

2. The antenna control system according to claim 1 , 
wherein said main controller (50) is remotely locat- 
ed from said down-tilt antenna (10). 

3. The antenna control system according to claim 1 or 
2, further comprising a user interlace (60) commu- 
nicating with said main controller to operate said 
main controller. 

4. The antenna control system according to claim 3, 
wherein said user interface (60) is renrK)tely located 
from said main controller (50). 

5. The antenna control system according to claim 2, 3 
or 4, wherein a user interface (60) transmits data to 
said main controller (50) to position said down-tilt 
antenna (10) and receives data from said main con- 
troller indicating said antenna position. 

6. The antenna control system according to claim 3, 4 
or 5, wherein said user interface (60) communicates 
with the nnain controller (50) over a wireless inter- 
face. 

7. The antenna control system according to claim 3. 4 
or 5, wherein said user interface (60) communicates 
with the main controller (50) over a telephone line. 

8. The antenna control system according to one of 
claims 3 to 7, wherein said main controller (50) in- 
forms said user interface (60) that said main con- 
troller is unable to communicate with said antenna 
controller. 

9. The antenna control system according to one of 
claims 3 to 7, wherein said main controller (50) in- 
forms said user interface (60) that it is unable to ad- 
just said antenna position to a desired antenna po- 
sition. 

10. The antenna control system according to one of 
claims i to 9^ further comprising an antenna con- 
troller memory (402) connected to said antenna 
controller (40) for storing at least one of an antenna 
address and said antenna position. 

11. The antenna control system according to one of 
claims 1 to 10, further comprising a main controller 
memory (502) connected to said main controller 
(50) for storing at least one of an antenna address 
and said antenna position. 



12. The antenna control system according to one of 
claims 1 to 11, further comprising: 

a motor (201) for adjusting said antenna (10) 
5 position; and 

a driver (202) connected to said motor and said 
antenna controller (40) for activating said mo- 
tor. 

70 1 3. An antenna control system for controlling a plurality 
of antennas (10) comprising: 

a plurality of sensors (30) each for detecting po- 
sitions of a respective one of said antennas; 
15 a plurality of antenna controllers (40) each com- 

municating with corresponding sensors of said 
plurality of sensors for controlling a position of 
said associated antenna (10); and 
a main controller (50) communicating with said 
20 antenna controllers (40) in order to control said 

antenna controllers. 

14. The antenna control system according to claim 13 
further comprising a user interface (60) communi- 
25 eating with said main controller to operate said main 
controller wherein said user interface is a remote 
interface that transmits and receives data to oper- 
ate said main controller. 

30 15. The antenna control system according to claim 14. 
wherein said transmitted data is antenna position 
data, controlling said main controller to place at 
least one of said antennas in a designated position. 

35 16. The antenna control system according to claim 13, 
14 or 15. further comprising a serial interface con- 
necting said main controller (50) and said antenna 
controllers (40). 

40 17. The antenna control system according to claim 1 3, 
1 4 or 1 5. further comprising a parallel interface con- 
necting said main controller (50) to each of said an- 
tenna controllers (40). 

45 18. The antenna control system according to claim 13, 
1 4 or 1 5, further comprising a wireless communica- 
tion interlace including a plurality of transceivers 
(45) individually connected to respective antenna 
controllers (40) of said plurality of ) antenna control- 

so lers and a transceiver (55) connected to said main 
controller (50) for providing communications be- 
tween said plurality of antenna controllers and said 
main controller. 

55 19. The antenna control system according to one of 
claims 1 3 to 18= further comprising a plurality of an- 
tenna controller memories (402), wherein each an- 
tenna controller memory Is respectively connected 
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to each of said plurality of antenna controllers (40) 
for storing at least one of an antenna address and 
said antenna position. 

20. The antenna control system according to one of 
claims 1 3 to 1 9, further comprising a main controller 
memory (502) connected to said main controller 
(50) for storing at least one of an antenna address, 
and said antenna position. 

21. The antenna control system according to one of 
claims 13 to 20, further comprising: 

a plurality of motors (201) each for adjusting 
said position of the associated antennas (10): 
and 

a driver (202) connected to each of said plural- 
ity of motors for driving said plurality of motors. 

22. An antenna control system according to one of 
claims 1 3 to 21 , wherein data is communicated be- 
tween said main controller (50) and said plurality of 
antenna controllers (40) using a packet protocol 
where the packet contains an antenna address and 
data. 

23. An antenna control system according to claim 22^ 
wherein said data is a command requesting one of 
the antenna controller (40) to change said antenna 
position and report said antenna positions. 

24. An antenna control system according to claim 22 or 
23. wherein said data includes a fault indicating one 
said antenna controllers (40) was not able to 
change said position of an associated one of said 
antennas. 

25. An antenna control system for controlling a plurality 
of antennas (10) located on a tower, each antenna 
having a position, said antenna control system com- 
prising: 

a plurality of sensors (30), each sensor associ- 
ated with one of said plurality of antennas for 
detecting said antenna positions: 
a plurality of antenna controllers (40) each con- 
nected to a respective one of said plurality of 
sensors (30) for reading said oetecied antenna 
positions and for adjusting said antenna posi- 
tbns based on said detected antenna posi- 
tions; and 

a main controller (50) communicating with said 
plurality of antenna controllers for controlling 
said plurality of antenna controllers to adjust 
said antenna positions. 

26. An antenna control system according to claim 25, 
wherein said main controller (50) is remotely locat- 



ed from said plurality of antenna controllers. 

27. An antenna control system according to claim 25 or 
26, wherein said main controller (50) is remotely lo- 
s cated from sak) tower. 

26. An antenna control system according to claim 25 or 
26: wherein said main controller is kx:ated at a base 

of said tower. 

10 

29. The antenna control system according to claim 26, 
27 or 28 further comprising a remote user Interface 
(60) communicating with said main controller (50) 
for controlling said main controller to change saki 

IS antenna positions. 

30. The antenna control system according to claim 29 
wherein said remote user interface (60) and said 
main controller (50) communicate over a wireless 

20 interface. 

31. The antenna control system according to claim 29, 
wherein said remote user interface (60) and main 
controller (50) communicate over a telephone line. 

2S 

32. The antenna control system according to one of 
claims 25 to 31 , further comprising, a plurality of mo- 
tor driving assemblies (20) for adjusting said anten- 
na positions, wherein each of said plurality of motor 

30 driving assemblies are controlled by respective 
ones of said plurality of antenna controllers (40). 

33. The antenna control system according to claim 32, 
wherein the motor driving assemblies comprise a 

35 gear train of phase shifters to steer radiation emitted 
from said antennas; a stepper motor (201) to drive 
sakd gear train of phase shifters; a gear shaft dis- 
posed between said gear train and said stepper mo- 
tor; and a stepper-motor-driver (202) for powering 
40 said stepper motor. 

34. The antenna control system according to claim 33. 
wherein each of said plurality of sensors (30) is an 
incremental encoder sensor that delects each step 
of said gear train. 

35. The antenna control system according to claim 33. 
wnerein saic gear tram ot phase shilters includes 
an optical encoder gear at an end of said gear train, 

so and wherein each of said plurality of sensors (30) 
is an optical sensor which incrementally counts 
movements of said optical encoder gear. 

36. The antenna control system according to claim 33, 
ss wherein each of said plurality of sensors (30) com- 
prises a mechanical brush, wherein said gear train 
includes a gear with a trace contact disposed on 
saki gear, and wherein said mechanical brush de- 
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tects said antenna position according to said trace 
contact. 

37. The antenna control system according to claim 33, 
wherein each of said plurality of sensors (30) com- 5 
prises an electromagnetic relay hall effect sensor to 
detect a position of a gear on said gear train. 

38. A method of positioning a down-tilt antenna (10) in 

an antenna control system used in land-based mo- ^o 
bile communications, said antenna control system 
including a main controller (50). an antenna control- 
ler (40), an antenna motor driver assembly, and a 
sensor (30), said method comprising: 

IS 

(A) establishing a current position of said down- 
tilt antenna by; 

(i) sending an antenna check command to 
said antenna controller, 20 

(ii) reading a tilt position stored in a memory 
of said antenna controller, and 

(iii) sending the tilt position read from said 
memory to said main controller; and 

2S 

(B) adjusting the tilt of the down-till antenna by; 

(i) sending a change-till command to said 
main controller, 

(ii) calculating a difference between said tilt 30 
position and said change-tilt command to 
determine an antenna adjust command, 
and 

(iii) sending said antenna adjust command 

to said antenna motor driver assembly to ^ 
adjust the tilt of the down-tilt antenna. 

39. The method according to claim 38. wherein step (6) 
further comprises, (iv) reading the newly adjusted 

tilt position of said antenna via said sensor, and (v) ^0 
writing said newly adjusted tilt position as said tilt 
position in said memory of said antenna controller. 

40. A method of performing a system check on a tilt an- 
tenna control system having a main controller (50): ^ 
a plurality of antenna controllers (40), and a user 
interface (60). said method comprising: 

(A) requesting a system check by a user via 
said user Interface; so 

(B) transmitting an antenna check command 
from said main controller to an addressed one 
of said plurality of antenna controllers; 

(C) returning an antenna position from said ad- 
dressed antenna controller to said main con- 55 
troller; and 

(D) determining whether the addressed anten- 
na controller responded. 



41. The method of performing a system check accord- 
ing to claim 40, further comprising: 

(E) if the addressed antenna controller did not 
respond, then 

(i) repeating steps (A)-(D) for the ad- 
dressed antenna controller a specified 
number of times, and 

(ii) recording that the addressed antenna 
controller did not respond if the specified 
number of times Is met; and 

(F) if the addressed antenna controller did re- 
spond, then 

(!) determining whether the addressed an- 
tenna controller understood said a 
(Ii) antenna check command; 

(1 ) if the addressed antenna controller 
did not understand the command, then 
repeat steps (B)-(F) a predetermined 
number of times, and recording that 
the addressed antenna controller did 
not understand if the predetermined 
number of times is met, else . 

(2) if the addressed antenna controller 
does understand the command, go to 
step (G); and 

(G ) determining whether all of the antenna con- 
trollers have been polled. 

42. The method according to claim 41 , further compris- 
ing: (H) repeating steps (B)-(G) for all of the plurality 
of antennas controllers. 

43. The method according to claim 41 . further compris- 
ing: (H) prompting the user whether to check any 
other antenna controller addresses, and (I) repeat- 
ing steps (B)-(G) for each antenna controller ad- 
dress on which the user desires to perform a system 
check. 

44. The method according to claim 42. further compris- 
ing. 

(I) aeiemnining whether any of the plurality of 
antennas controllers did not respond or recognize 
the antenna check command, and 

(i) if all of the antenna controllers either did not 
respond, or did not recognize the antenna 
check command, then report a system error to 
the user; else 

(ii) if any of the antennas controllers either did 
not respond, or did not recognize the antenna 
check command, then report to the user which 
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antenna controllers did not respond or did not 
recognize the antenna check command. 

45. A method of performing a till setting change on an 
antenna system which includes a main controller s 
(50), a plurality of antenna controllers (40), a plural- 
ity of down-tilt antennas (1 0) each associated to one 

of said plurality of antenna controllers, and a user 
Interface (60). said method comprising: 

10 

(A) transmitting a tilt setting change command, 
selected by a user, from said user interlace to 
said main controller; and 

(B) transmitting a change tilt command com- 
bined with an antenna controller address from is 
said main controller to an addressed antenna 
controller of said plurality of antenna control- 
lers. 

46. The method of performing a tilt setting change ac- 20 
cordrig to claim 44, further comprising: 

(C) if the addressed antenna controller recog- 
nizes the change tilt command, then 

25 

(I) if the addressed antenna controller was 
able to position the associated down-tilt an- 
tenna, sending a new position antenna lo- 
cation signal to the main controller, to indi- 
cate the new position of the associated 30 
down-tilt antenna; else 

(II) it the addressed antenna controller was 
unable to position the associated down-tilt 
antenna, sending a fault message to the 
main controller; or ^ 

(D) if the addressed antenna controller does not 
recognize the change tilt command or respond, 
repeating steps (B)-(D) a predetermined 
number of times and recording which antenna 40 
address did not recognize the change tilt com- 
mand or respond, if said predetermined 
number of times is met. 

47. The method according to claim 46, further compris- 45 
ing: (E) repeating steps (A)-(D) for a plurality of an- 
tenna tilt setting changes selected by the user. 

48. The method according to claim 47, further compris- 
ing. 50 

(F) determining whether any of the plurality of 
antennas controllers did not respond or recognize 
the change tilt comnnand, and 

(1) if all of the addressed antenna controllers ei- ss 
ther did not respond, or did not recognize the 
change tilt command, then report a system er- 
ror to the user; else 



(ii) if any of the antennas controllers either did 
not respond, or did not recognize the change 
tilt command, then report to the user which an- 
tenna controllers did not respond or did not rec- 
ognize the change tilt command 
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